We present DES16C3cje, a low-luminosity, long-lived type II supernova (SN II) at redshift 0.0618, detected by the Dark Energy Survey (DES). DES16C3cje is a unique SN. The spectra are characterized by extremely narrow photospheric lines corresponding to very low expansion velocities of 1500 km s −1 , and the light curve shows an initial peak that fades after 50 days before slowly rebrightening over a further 100 days to reach an absolute brightness of M r ∼ −15.5 mag. The decline rate of the late-time light curve is then slower than that expected from the powering by radioactive decay of 56 Co, but is comparable to that expected from accretion power. Comparing the bolometric light curve with hydrodynamical models, we find that DES16C3cje can be explained by either i) a low explosion energy (0.11 foe) and relatively large 56 Ni production of 0.075 M from a ∼ 15 M red supergiant progenitor typical of other SNe II, or ii) a relatively compact ∼ 40 M star, explosion energy of 1 foe, and 0.08 M of 56 Ni. Both scenarios require additional energy input to explain the late-time light curve, which is consistent with fallback accretion at a rate of ∼ 0.5 × 10 −8 M s −1 .
transients with a slow temporal evolution (e.g., Taddia et al. 2016; Arcavi et al. 2017; Terreran et al. 2017 ). These new SN discoveries have in turn created new challenges for the SN field, particularly concerning the SN progenitor and the physics of the explosion.
In the canonical picture of a core-collapse SN, the explosion releases ∼ 10 51 erg of energy (1 foe), and a fraction of the progenitor's material is burned into various intermediatemass and iron-peak elements. The early emission from SNe ( 5 days after explosion) is powered by the release of shock deposited energy, while the power source from the peak to late-phases is provided by the decay of 56 Ni into 56 Co and subsequently 56 Fe. In slow-and fast-declining hydrogenrich SNe (historical SNe IIP and SNe IIL, respectively), the plateau is producing by the recombination mechanisms. However, some core-collapse SNe have larger explosion energies, which typically require an additional source of energy to explain the luminosity and evolution (see review, and references therein, of Moriya et al. 2018a ). Pair-Instability SNe (PISNe; e.g. Heger & Woosley 2002; Gal-Yam et al. 2009 ), magnetars (e.g. Kasen & Bildsten 2010) , accretion power (e.g. Moriya et al. 2010; Dexter & Kasen 2013) , and pulsational pair-instability (PPI; e.g. Woosley et al. 2007; Woosley 2017 ) have all been proposed as a source of additional energy, but as yet there is no clear consensus about the relative importance of each source nor associations to specific transients.
Recently, two peculiar type II SNe (SNe II) have been studied in detail: iPTF14hls (Arcavi et al. 2017 ) and OGLE-2014-SN-073 (Terreran et al. 2017) . iPTF14hls is a SN with very little spectral evolution over ∼ 600 days, and with a light curve that shows multiple re-brightening events. OGLE-2014-SN-073 is a very bright SN with an unusually broad light curve, combined with high ejecta velocities in its spectra. Both objects exploded in low-luminosity galaxies and require an extra source of power (beyond shock energy and radioactivity) to explain their unusual evolution.
One of the most studied scenarios to explain the peculiar behaviour of these two transients is the fallback accretion. Moriya et al. (2018b) found that fallback accretion can reproduce the shape of the light curve, luminosity and photospheric velocities of OGLE-2014-SN-073, while Arcavi et al. (2017) and Wang et al. (2018) proposed that iPTF14hls may be powered by intermittent fallback accretion. The idea of fallback in SNe was introduced by Colgate (1971) , and has been broadly studied to determine its effects on the central remnant (e.g. Chevalier 1989; Woosley & Weaver 1995; Fryer 1999) , and on SN light curves (e.g. Fryer et al. 2009; Moriya et al. 2010; Dexter & Kasen 2013) . Dexter & Kasen (2013) showed that the accretion power may be relevant to explain peculiar and rare SNe.
In this paper, we present the photometry and spectra of DES16C3cje, an unusual SN II discovered by the Dark Energy Survey Supernova Program (DES-SN; Bernstein et al. 2012) . We discuss its peculiar characteristics and examine the late-time light curve under the fallback scenario. In Section 2 we describe our observations of DES16C3cje and measurements. We analyse the spectral and photometric properties and compare them with other similar events in Section 3, and then discuss the progenitor scenarios that could explain the event in Section 4. We discuss and conclude in Section 5.
Throughout, we assume a flat ΛCDM universe, with a Hubble constant of H 0 = 70 km s −1 Mpc −1 , and Ω m =0.3.
OBSERVATIONS
DES16C3cje was detected by DES using the wide-field Dark Energy Camera (DECam; Flaugher et al. 2015) instrument in an r-band image taken on 2016 October 11 (JD = 2457673.3) with an apparent magnitude of r = 23.26 mag. The transient was located at α = 03 h 28 m 35. s 29, δ = −27 • 09 06. 6 (J2000.0) in a faint host galaxy (M r ∼ −18.5 mag) at a redshift of 0.0616. The previous nondetection with DES was obtained on 2016 October 7 (MJD = 57667.6), with a detection limit of z ∼ 25.1 mag. This limit places a constraint on the explosion epoch of ±2.6 days; we adopt 2016 October 9 (the intermediate epoch; MJD = 57670.2 ± 2.6 d) as the explosion date. Further information on the DES-SN difference-imaging search pipeline and machine-learning algorithms to identify transient objects can be found in Kessler et al. (2015) and Goldstein et al. (2015) .
Photometric coverage of DES16C3cje was acquired by DES-SN in griz filters from 2016 October until 2017 February, and then from 2017 August to 2018 February. Between 2017 February and 2017 July, additional photometric data were obtained by the extended Public European Southern Observatory (ESO) Spectroscopic Survey for Transient Objects (ePESSTO; Smartt et al. 2015) and other collaborators with the ESO Faint Object Spectrograph and Camera 2 (EFOSC2; Buzzoni et al. 1984) at the 3.6m ESO New Technology Telescope (NTT), with the FOcal Reducer/low dispersion Spectrograph 2 (FORS2; Appenzeller et al. 1998 ) at the ESO Very Large Telescope (VLT), with the Low Dispersion Survey Spectrograph 3 (LDSS3; Osip et al. 2004 ) on the Magellan Clay 6.5-m telescope, and with the the Gamma-Ray Burst Optical/Near-Infrared Detector (GROND; Greiner et al. 2008) , at the 2.2-m MPG telescope at the European Southern Observatory (ESO) La Silla Observatory.
The NTT data were reduced using the PESSTO pipeline (Smartt et al. 2015) , while for the FORS2 images we used the esoreflex pipeline (Freudling et al. 2013 ). Reductions for data obtained with LDSS3 were performed with Image Reduction and Analysis Facility (iraf; Tody 1986) using standard routines. Images from the MPG were reduced with the GROND pipeline (Krühler et al. 2008) . The DES photometric measurements were made using the pipeline discussed by Papadopoulos et al. (2015) and Smith et al. (2016) , which has also been extensively used in the literature (e.g., Firth et al. 2015, and references therein) . This pipeline subtracts a deep template image from each individual DES image to remove the host-galaxy light using a point-spread-function (PSF) matching routine. SN photometry is then measured from the difference image using a PSF-fitting technique. The photometry of DES16C3cje is reported in Appendix A1.
DES16C3cje was observed spectroscopically on six epochs from +47 to +403 days (throughout the paper, we give all epochs relative to the explosion epoch). These observations were obtained with four different instruments: The AAOmega spectrograph at the Anglo-Australian Telescope (AAT), X-SHOOTER (Vernet et al. 2011 ) and FORS2 at the VLT, and Gemini Multi-Object Spectrograph (GMOS-S; Hook et al. 2004 ) at the Gemini Observatory. A log of the spectroscopic observations of DES16C3cje is reported in Table 1 . Spectroscopic reductions for X-SHOOTER were performed using the esoreflex pipeline, FORS2 data were reduced with iraf using standard routines, while for GMOS-S we used the Gemini iraf package, combined with idl routines to flux calibrate the data and remove telluric lines.
CHARACTERIZING DES16C3CJE

Host galaxy properties
The host galaxy of DES16C3cje was identified as PGC3243310, a low-luminosity galaxy (M host B = −18.26 ± 0.50 mag 1 ) at a redshift of 0.0618 2 . Adopting the recessional velocity corrected into the CMB frame 3 (v= 18465 ± 89 km s −1 ), we obtain a distance of 275.95 Mpc, which corresponds to µ = 37.20. The galactic reddening in the direction of PGC3243310 is E(B − V) = 0.17 mag (Schlafly & Finkbeiner 2011) . Due to the faintness of the galaxy and the absence of the absorption Na i D lines in the SN spectra, we assume the host extinction negligible.
Using a spectrum obtained by OzDES with the AAOmega at the AAT (see Sec. 3.4) and a spectrum from the 2dF Galaxy Redshift Survey (Colless et al. 2003) , we estimate the integrated oxygen abundance. The lack of [N ii] suggests a very low metallicity. Setting the upper limits of the flux ratio of Hα/[[N ii]λ6583 and measuring the ratio of [O iii]λ5007/Hβ, we estimate the upper limit of the metallicity. Applying the O3N2 diagnostic method from Marino et al. (2013) , we obtain an oxygen abundance of 12 + log(O/H) < 8.19 ± 0.02. With the luminosity of Hα and the equation of Kennicutt & Evans (2012) , we calculate the SFR to be 0.042 M yr −1 .
Light curves
The unusual photometric evolution of DES16C3cje from ∼ +2 to +450 days is presented in Figure 1 (top panel). The light curves show an initial increase in brightness for the first 20 days followed by a decrease, particularly in the bluer filters, as observed in some SNe II (e.g., SN 2004em, SN 2004ek; Taddia et al. 2016 ). In the redder bands, the luminosity increase monotonically, with a change in the slope at ∼ 60 days. After 60 days, the g-band increases ∼ 1.4 mag over 70 days versus ∼ 1.0 mag in riz.
We use Gaussian processes (GPs) to interpolate the observed light curves (see de Jaeger et al. 2017; Inserra et al. 2018b; Angus et al. 2019 , for more details). The interpolation was performed with the Python package GEORGE (Ambikasaran et al. 2016) using the Matern 3/2 kernel. We find that DES16C3cje reaches a peak brightness of ∼ −15.75 ± 0.10 mag at 152 ± 5 days in the r-band. The long rise is reminiscent of SN 1987A, but over a longer scale; this behavior has not previously been observed in a SN II light 1 http://leda.univ-lyon1.fr/ 2 Redshift obtained from the narrow emission lines of the host galaxy 3 http://ned.ipac.caltech.edu/ curve. During the later phases (after ∼ 300 days), the light curves show a linear decline in riz and a flat evolution in the g-band. The slope of the decline in the r-band light curve is 0.70 mag per 100 days, smaller than that expected from the full trapping of gamma-ray photons and positrons from the decay of 56 Co (0.98 mag per 100 days; Woosley et al. 1989 ).
In the middle panel of Figure 1 , the colour curves are presented. During the first 65 days (in the bump), DES16C3cje becomes redder, changing from g − r = 0.37 to g − r = 0.85. The SN then evolves to bluer colours. At latephases (> +300 days), the object has a redder colour than during the first two months, but its evolution is relatively flat.
Bolometric luminosity and Nickel mass
Using the griz photometric data, we compute the pseudobolometric and bolometric light curves for DES16C3cje (Figure 1, bottom panel) following the prescriptions presented by Inserra et al. (2018a) . Here, the griz bands are converted into fluxes at the effective filter wavelengths, and then corrected for the Milky Way extinction. A spectral energy distribution (SED) is then computed over the wavelengths covered and the flux under the SED is integrated assuming zero flux beyond the integration limits. Fluxes are converted to luminosities using the adopted distance (275.95 Mpc). We determined the points on the pseudo-bolometric light curves at epochs when griz were available simultaneously. Magnitudes from the missing bands were generally estimated by interpolating or extrapolating the light curves using low-order polynomials (n≤3) and assuming constant colours from nearest epochs. Therefore, we obtain a peak luminosity of L bol = (4.96 ± 0.10) × 10 41 erg s −1 , and L griz = (2.33 ± 0.08) × 10 41 erg s −1 .
As expected based on the photometric data, the bolometric light curves decline slowly at late phases. This decline rate is slower than the radioactive decay of 56 Co, but comparable to that expected from accretion power. Although the light curve tail does not follow the 56 Co decay, we can still use the luminosity at late times to estimate an upper limit to the 56 Ni mass. Comparing the bolometric light curve of DES16C3cje to that of SN 1987A, we estimate the 56 Ni mass, M( 56 Ni) 16cje , as follows:
where M( 56 Ni) 87A = 0.075 ± 0.005 M is the 56 Ni mass synthesised by SN 1987A (Arnett 1996) and L 87A is the bolometric luminosity at a comparable epoch. This comparison gives M( 56 Ni) 16cje ≈ 0.068 M , a comparatively large value for typical SN II, but within the range of SN 1987A-like objects (Müller et al. 2017; Anderson 2019) .
Spectral evolution
In Fig. 2 , we present the optical spectra obtained for DES16C3cje between +47 d and +380 d. At 47 d, the spectrum is completely dominated by the emission lines from the host galaxy, with no traces of the SN. From 80 d, the spectra show that DES16C3cje is a SN II with very narrow photospheric lines. At 80 d and 127 d, DES16C3cje presents characteristic P-Cygni profiles of Hα, Hβ, Fe ii λ4924, Fe ii λ5018, Fe ii λ5169, Na i D λ5893 and the Ca ii near-IR triplet, together with a lack of Sc ii and Ba ii lines. The 'Cachito' feature, related to high velocity (HV) spectra components (Gutiérrez et al. 2017) , are also visible at these epochs, suggesting an interaction between the SN ejecta and circumstellar material (CSM). The later spectra are dominated by Hα, with a weak contribution of the Ca ii near-IR triplet in emission. There is no evidence of forbidden lines (e.g.,
, which are typical of core-collapse SNe at late phases. The lack of these lines could suggest either a high density associated with a large mass and low-velocity or an interaction between the SN ejecta and the CSM (Sec. 5).
DES16C3cje shows a complex Hα P-cygni profile ( At late times, the Hα emission has a Lorentzian profile with a FWHM velocity of 815 ± 65 km s −1 at 295 d, increasing to 980 ± 55 km s −1 at 403 d. The absence of the absorption component, and the Lorentzian profile in emission, further indicate interaction between the ejecta and the CSM (Chugai et al. 2004) . At 380 d, on the top of the emission component of the Hα, a small notch is observed; upon close examination this was revealed to be residuals from the galaxy subtraction 4 .
Based on the width of the lines observed in the SN spectra, we infer very low expansion velocities. The velocity obtained for Hα decreases from ∼ 1500 km s −1 at 80 d, to ∼ 1300 km s −1 at 127 d. The velocities found for other lines show a similar behavior: low expansion velocities (< 2000 km s −1 ), and little evolution.
Comparison to other supernovae
The slow rise of DES16C3cje is reminiscent of SN 1987Alike objects, whereas its low luminosity and low expansion velocities are a common characteristic in low luminosity (LL) SNe II. In Figure 3 , we show the photometric and spectral 4 The expansion velocities and the pseudo-equivalent-widths were measured removing the contribution of the host galaxy.
comparison of DES16C3cje with these two classes of events. For the SN 1987A-like objects we compared with SN 1987A (Bouchet et al. 1989; Hamuy & Suntzeff 1990) , which is the best observed and studied SN II; SN 2004ek (Taddia et al. 2016 ) and SN 2004em (Taddia et al. 2016) , which both show a bump before the main peak; SN 2005ci (Taddia et al. 2016 ) and SN 2009E (Pastorello et al. 2012) , which are the faintest clones of SN 1987A. For the LL SNe II, we select objects with spectra at around 110 days: SN 1999br (Pastorello et al. 2004; Galbany et al. 2016; Gutiérrez et al. 2017) , which is the faintest slowly-declining SN II; SN2003Z (Spiro et al. 2014 Faran et al. 2014) , SN 2005cs (Pastorello et al. 2006 (Pastorello et al. , 2009 , and SN 2013K (Tomasella et al. 2018 ), which all have good photometric coverage in the first 150 days. The long rise to peak is common between the SN1987A-like events and DES16C3cje; however, the rise is even longer for DES16C3cje.
The full light curve evolution shows that DES16C3cje, from explosion to 60 d, exhibits a initial 'bump'. Although this bump is not common in SN1987A-like objects, two other SNe do show it: SN 2004ek and SN 2004em (Taddia et al. 2016) . Taddia et al. (2016) suggest that these two SNe are an intermediate case between SN 1987A and normal SNe II. Pastorello et al. (2012) argue that these bumps are due to shock cooling. DES16C3cje also has the lowest luminosity within the SN1987A-like group, around 1 mag fainter than SN 1987A and ∼ 0.5 mag fainter than the low-luminosity SN 2009E.
Comparing to the LL-SNe II sample, the initial evolution of DES16C3cje is consistent with typical SNe II for ∼ 60 d; however a sudden increase in luminosity transforms a 'typical SN II' to a SN1987A-like event. The post-peak light curve evolution also differs, where all SN1987A-like and LL-SNe follow the rate of 56 Co decay. In the case of DES16C3cje, the decay at late-times is slower; again suggesting an extra source of energy is needed. To distinguish between the scenarios of 56 Co decay and accretion power (L ∝ t −5/3 ) as explanations for the light curves, we compare the chi-squared ( χ 2 ) values (shown in Accretion Power sian distribution). The results obtained support our previous findings.
Figure 3 also presents the spectral comparison at ∼ 105 d from explosion. The comparison with SN1987A-like objects and LL-SNe II again shows that DES16C3cje is a unique object. None of the other SNe have lines as narrow as DES16C3cje. SN 1999br has the narrowest lines, but its spectrum also shows Ba ii and Sc ii, together with a multiple component Hα P-Cygni profile, characteristic of LL-SNe II.
LIGHT CURVE MODELLING
We now consider some models that can be used to understand and explain the physical origin and unusual features of DES16C3cje. For these models, we use the one-dimensional Lagrangian hydrodynamical code presented in Bersten et al. (2011) . This code simulates a SN explosion, and produces bolometric light curves and photospheric velocities to characterize the progenitor and explosion properties. There are two particular challenges to this modelling: the early-time to peak photometric and spectral velocities, and the late-time decline rate. We begin with the former. There is a degree of degeneracy between the progenitor (pre-SN) mass and radius (M, R) and the explosion energy (E), which can be partially reduced by modeling the luminosity evolution together with the expansion velocity evolution. For DES16C3cje, the expansion velocities imply a low E/M ratio. This means that for a progenitor with similar characteristics to those used for SN 1987A (i.e., a blue supergiant star with R ∼ 50 R , M ZAMS = 20 M and E = 1 foe), there is no model that simultaneously matches the light curve and velocity evolution, as a low energy is needed to reproduce the latter. This low energy leads to a much fainter and broader light curve than that observed. We found that explosion energies of ∼ 0.1 foe are needed to reproduce the expansion velocities of DES16C3cje.
Therefore, we calculated a grid of hydrodynamical models with values of E close to 0.1 foe. Our pre-SN models were computed using the stellar evolution code MESA version 10398 (Paxton et al. 2011 (Paxton et al. , 2013 (Paxton et al. , 2015 (Paxton et al. , 2018 . The stars were evolved from the pre-main-sequence to the time of core collapse, defined as when any part of the collapsing core exceeds an infall velocity of 1000 km s −1 , and assuming solar metallicity. After exploring several configurations (see Figure B .1 in the Appendix), we found a model that reproduced relatively well the observations. This model is presented on the left panel of Figure 4 and has the following physical parameters: a M ZAMS = 15 M , a pre-SN mass of 13.3 M , R = 830 R and E = 0.11 foe. A relatively large 56 Ni mass of 0.095 M was required to reproduce the light curve observed after the initial bump. This material was mixed up to 0.75 of the pre-SN mass, and therefore a not too extreme mixing was required as is common in several 87A-like objects. In this scenario, the peculiar light curve shape of DES16C3cje can be understood as a combination of a low explosion energy and a relatively large 56 Ni production, while its progenitor has a red supergiant (RSG) structure typical of other SN II objects.
We now turn to the late-time light curve. Despite the good agreement between the model and observations at early times, there are clear differences in the slopes during the light curve tail (green curve in Figure 4 ). As discussed above, DES16C3cje does not follow the behavior expected by radioactive decay of 56 Co, but instead is consistent with a power law ∝ t −5/3 , compatible with the decline rate expected from accretion power (or 'fallback' 5 ; Michel 1988; Chevalier 1989) . Under some conditions, for example if the SN explosion is not powerful enough, some material may not acquire sufficient energy to escape and will eventually be accreted onto the compact remnant. These accretions are usually associated with powerful energy outflows. A fraction of this energy can be thermalised within the SN ejecta and thus power the light curve (Dexter & Kasen 2013) .
We have included this extra energy in our 1D Lagrangian code to explore if this can improve the differences between the model and observations during the latter part of the light curve. The rate input of energy due to the accretion can be written as: efficiency factor, estimated to be of the order of 10 −3 (Dexter & Kasen 2013). Analytic estimates (Chevalier 1989) , as well as numerical simulations (Zhang et al. 2008; Dexter & Kasen 2013) , have shown that the accretion rate can be assumed to be M = M 0 (t/t 0 ) −5/3 , where M 0 is the accretion rate onto the remnant at a time t 0 when the fallback episode begins. The fallback energy is deposited near the center of the progenitor, and we assume full trapping.
LL-SNe II
In our treatment, M 0 and t 0 are free parameters to be determined by comparison with the observations. We again calculate a grid of simulations for different values of M 0 and t 0 , finding a set of parameters that can reproduce the behaviour of the light curve tail of DES16C3cje. The fallback parameters found are: M 0 = 0.5 × 10 −8 M s −1 and t 0 = 1 d. These calculations were performed assuming the same progenitor and explosion energy as the RSG model presented above, and the combined model is shown in Figure 4 . The inclusion of fallback energy clearly improves the modelling during the tail, with almost no effect in other phases. However, we note a slightly smaller amount of 56 Ni is needed when fallback energy is added; a good match is found using 0.075 M of 56 Ni. The value of M 0 is small compared with that usually found in the literature (Zhang et al. 2008 ; Moriya et al. 2018a ). The reason is the low luminosity of this SN: larger accretion rates inject more energy and produce brighter light curves.
The parameters of our preferred model point to a normal RSG progenitor that has experienced a low energy explosion leading to the fallback process. The peculiar light curve shape of DES16C3cje can then be explained as a combination of a low explosion energy, a relatively large and mixed 56 Ni production, and extra energy due to the accretion of material onto the compact remnant.
There is strong evidence of the existence of a correlation between the explosion energy and the amount of 56 Ni (see for example Pejcha & Prieto 2015) , in the sense that more energetic events produce larger amount of 56 Ni. This relation is also supported by theoretical studies. The low explosion energy and the relatively large 56 Ni production found in our modelling does not follow the expected correlation. We note a low explosion energy was also required to reproduce the photospheric velocities.
DES16C3cje has only two measurements of the expansion velocity available at ∼ 105 d and ∼ 127 d, and thus the expansion velocity during the first weeks of evolution is not unambiguously known, and the measurements around ∼ 100 d may not represent the photospheric velocities of the ejecta. We experiment with relaxing the condition to reproduce the expansion velocity, and find an alternative model that reproduces relatively well the observed light curve with a progenitor with ∼40 M , an explosion energy of 1 foe and 0.08 M of 56 Ni (Figure 4) . Here, we used a polytropic model to describe the structure of the star before explosion. The fallback parameters needed to reproduce the tail are similar to that in the previous model, i.e, M 0 = 0.4 × 10 −8 M s −1 and t 0 = 1 d. The higher energy of this model is then consistent with known correlations between 56 Ni production and explosion energy. Figure B .2 shows the different configurations explored for this case. The parameters of the best-fit models are presented in Table A3 .
DISCUSSION AND CONCLUSIONS
DES16C3cje is a low-luminosity and low-velocity type II supernova (SN II). Its light curves show a bump for ∼ 60 days, followed by a long rise time, reminiscent of SN 1987A, but on a longer time-scale. The initial faint bump is due to hydrogen recombination, while the broad peak is powered by radioactive decay. After 300 days, the tail presents a decline rate comparable to that expected from accretion power (∝ t −5/3 ). The narrow lines observed in the spectra imply low expansion velocities, and thus, low explosion energies. Taken together, these characteristics suggest an unusual explosion.
Modelling the light curve of DES16C3cje and its velocity evolution with hydrodynamical calculations, we have shown that the SN is consistent with the explosion of a RSG star with a mass of 15 M , an energy of 0.11 foe, and synthesising a 56 Ni mass of 0.075 M . Because of the low energy in the explosion, some material is accreted by the compact remnant with an accretion rate of ∼ 0.5 × 10 −8 M s −1 . Although this scenario reproduces the light curve and veloci-ties, at first sight the required 56 Ni mass appears relatively large for two main reasons: 1) low energy explosions are observed to produce small amounts of 56 Ni, and 2) in the fallback scenario, some amount of the 56 Ni is expected to be accreted on to the central remnant.
However, Chevalier (1989) discussed the expectation that an ejection of substantial 56 Ni would imply little mass fallback, and showed this is not valid for accretion after the passage of the reverse shock wave, when the 56 Ni is expected to mix with outer core layers. Heger & Woosley (2010) further showed that a considerable amount of 56 Ni comes out when mixing precedes fallback. The mixing in RSGs is larger than in compact objects as perturbations have more time to grow before freezing out. Under these considerations, it is not unusual to find SNe that both experienced some fallback and have a relatively large amount of 56 Ni.
Nonetheless, we also consider an alternative scenario by assuming that the velocities measured from the absorption lines at 105 and 126 days do not represent the photospheric velocities of the ejecta. We then find that DES16C3cje can be modelled as the explosion of a relatively compact star (R = 100 R ), with a mass of ∼ 40 M , an explosion energy of 1 foe, and a 56 Ni mass of 0.08 M .
Both models can reproduce the overall evolution of the light curve of DES16C3cje; however, the low-energy explosion of a RSG fits the early part of the light curve better, and provides a good agreement with expansion velocities.
A further possibility to explain the late-time light curve of DES16C3cje is interaction with CSM. Interacting objects (e.g. SNe IIn, SN 2009ip-like objects; Stritzinger et al. 2012; Fraser et al. 2015; Elias-Rosa et al. 2016; Pastorello et al. 2018 ) often have flattened late-time light curves, with decline rates slower than that expected for 56 Co decay. The flat evolution in the light curves of DES16C3cje, together with the lack of [O ii] λλ6300, 6363, [Fe ii] λ7155 and [Ca ii] λ7291, 7323 emission lines, offer some support for this sce-nario. However, this evidence for interaction only appears at around 300 days from explosion with no evidence for interaction prior to this epoch, in turn suggesting a significant mass loss during the progenitor star evolution.
Theoretical models have also shown that stars with masses below 40 M at low-metallicities undergo very little mass loss due to stellar winds (e.g. Woosley et al. 2007; Meynet et al. 2013) . Assuming that the progenitor mass favored by our hydrodynamical models (15 and 40M ) is correct, we would expect a low mass loss. The location of our object supports this argument: DES16C3cje exploded in a low-luminosity (low-metallicity, Sec. 3.1) host, and models predict low-metallicity stars have less mass loss and bigger hydrogen envelopes when they explode (e.g. Heger et al. 2003) .
While the late-time light curve of DES16C3cje is following a decline rate close to t −5/3 , we cannot rule out a scenario involving interaction with CSM. Moriya et al. (2019) briefly discuss the possibility of CSM interaction in fallback SN and the need to study this issue in the future.
In summary, we have shown that the fallback SN scenario can naturally explain the slow decline in the late-time light curve. However, further investigations are needed to interpret the origin of these peculiar objects, the signatures required to identify the explosion scenario, and the role of the 56 Ni mass and interaction with CSM.
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